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Introduction

  In 1996, the U.S. Geological Survey 
(USGS) and the Arizona Department of 
Environmental  Qual i ty  (ADEQ) 
completed a cooperative ground-water 
data-collection program in the Sierra 
Vista ground-water basin of southeastern 
Arizona.  This Federal-State cooperative 
effort fulfilled the goals of both 
programs, increased the number of 
ground-water samples and associated 
data available to each agency, and 
provided an opportunity for quantifying 
differences between the agencies’ 
sampling and analytical techniques.

Sampling in the Sierra Vista Basin by 
the USGS was part of the National 
Water-Quality Assessment Program 
(NAWQA) for the Central Arizona 
Basins (CAZB) study area.  The goals of 
the NAWQA program include providing 
a nationally consistent description of 
current water-quality conditions for a 
large part of the Nation’s water 
resources, defining long-term trends in 
water quality, and understanding the 
natural and human factors that affect 
water quality (Gilliom and others, 1995).  
In 1994, the USGS began ground-water, 
surface-water, and biological studies in 
the CAZB study area. Ground-water 
studies within the CAZB study area are 
focused on basins in which water quality 
has been substantially affected by human 
activities or has the potential to be 
substantially affected.

Sampling by the ADEQ was 
completed as a part of the Ambient 
Groundwater Monitoring Program, 
which is based on the legislative 
mandate in the Arizona Revised Statutes 
§49-225 (Arizona Department of 
Environmental Quality, 1995) that 
authorizes  the  “ongoing  monitoring
of  the  wate rs  o f  the  S ta te ,  
including...aquifers.”  Objectives of this 
mandate include determining the 
presence of pollutants and compliance 
with applicable water-quality standards, 
evaluating the effectiveness of the best 
management practices and effects of 
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National Water-Quality Assessment Program (NAWQA) of the U.S. Geological Survey 
and Arizona Department of Environmental Quality (ADEQ) ground-water sampling 
sites in the Sierra Vista Basin part of the Central Arizona Basins (CAZB).
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The assessment was based on data 
collected between 1971 and 1996 for 23 
wells with available depth, perforation 
interval, and major-ion chemistry. 
Analyses having a cation/anion balance 
with a difference greater than 5 percent 
were not used in the assessment. The 
selected analyses indicated that cation 
content in ground water was primarily 
more than 50-percent calcium, and anion 
content was primarily more than
50-percent bicarbonate. The sulfate 
concentration in one analysis exceeded 
the U.S. Environmental Protection 
Agency maximum contaminant level for 
drinking water, and the fluoride 
concentration in one analysis exceeded 
the secondary maximum contaminant 
level for drinking water (U.S. 
Environmental Protection Agency, 
1996).

Tombstone

pollutants on public health and the 
environment, and identifying water-
quality trends.  Random sampling on a 
basin - wide basis  is  used by the 
Ambient Groundwater Monitoring 
Program to determine regional ground-
water quality; targeted higher-density 
sampling that is related to specific land 
uses is conducted to determine potential 
effects on ground-water quality. 

Retrospective Data

    A retrospective assessment of 
ground-water quality in the Sierra Vista 
Basin was completed by the USGS 
before the cooperative data-collection 
effort began by using the USGS water-
q u a l i t y  d a t a  b a s e  ( D G N W I S ) .  



Methods

The USGS and ADEQ each planned 
to sample 20 wells as part of the 
cooperative data-collection effort.  To 
ensure that the wells chosen for sampling 
were randomly distributed throughout the 
Sierra Vista Basin, computer software 
(Scott, 1990) was used to subdivide the 
basin into 20 equal-area polygons, 
referred to as cells.  Within each cell, 
primary, secondary, and tertiary points 
were randomly assigned by the computer 
software. Different sets of random points 
within each cell were used by the ADEQ 
and USGS.

Wells within approximately a 1-mile 
radius of each primary point were 
identified and randomly ordered. The wells 
then were visited sequentially to determine 
if they were suitable for sampling. If none 
of the wells within a 1-mile radius of the 
primary point were adequate, wells around 
the secondary point were identified and 
randomly ordered. A well was suitable for 
sampling if it had a submersible pump, a 
sampling point before water entered 
storage tanks, and a measuring point to 
determine depth to water; if construction 
information (depth, perforated interval, 
casing diameter, and driller's log) was 
available, and if the well owner gave 
permission to sample. The wells selected 
were for public, domestic, and livestock 
use. 

The USGS followed NAWQA ground-
water sampling protocols and procedures 
(Koterba and others, 1995) to quantify and 
minimize measurement bias and variability 
associated with the data-collection process. 
Quality-control samples (blanks, spikes, 
and replicates) were collected along with 
the environmental samples. The ADEQ 
ground-water sampling protocols and 
procedures for this study conformed to the 
Quality Assurance Project Plan (Arizona 
Department of Environmental Quality, 
1991) and the Field Manual For Water 
Quality Sampling (Arizona Water 
Resources Research Center, 1995).

Both agencies planned to collect 
additional quality-control samples, referred 
to as “split samples,” at a subset of wells.  
The split-sample well locations were to be 
selected by the ADEQ and represent 
ADEQ equal-area cells.  NAWQA ground-
water sampling protocols and procedures 
were to be followed by ADEQ and USGS 

for most of the split samples; and one 
split sample was to be collected with each 
agency following their respective 
protocols to determine if a difference was 
detectable.

Federal-State Data Collection

The USGS sampled one well in 19 of 
the 20 cells; no suitable well was found 
in one cell in the northeastern corner of 
the basin. ADEQ also sampled a well in 
each of the 19 cells; a spring was 
sampled in the cell where no suitable 
well was available.

Split samples were collected by the 
USGS and ADEQ at 6 of the ADEQ’s 19 
wells. An additional split sample was 
collected at a well not used to represent 
a specific equal-area cell. 

Ground water from each well was 
analyzed for a large number of chemical 
constituents and physical properties (see 
table). Chemical analyses included as 
part of both agencies ’ programs were 
performed on split samples. Samples 
collected by the USGS were analyzed by 
the USGS National Water-Quality 
Laboratory in Arvada, Colorado. 
Samples collected by the ADEQ were 
analyzed by the Arizona Department of 
Health Services Laboratory in Phoenix, 
Arizona.

This Federal-State effort allowed the 
USGS and ADEQ to collect more data 
than either agency could have collected 
alone. These additional data will result in 
comprehensive findings that will benefit 
both participating agencies and the 
general public.

—Alissa Coes and  Dorinda Gellenbeck 
(USGS), and Doug Towne (ADEQ)
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